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RESEARCH MEMORANDUM 

PRESSURE RECOVERY AND DRAG CHARACTERISTICS OF A FORWARD 
LOCATED CIRCULAR SCOOP INLET AS DETERMINED FROM 
FLIGHT TESTS FOR MACH NUMBERS FROM 0.8 TO 1.6 
By Charles F. Merlet 


SUMMARY 


A circiilar scoop inlet located well forward on a parabolic body 
of revolution has been flight-tested over a Mach number range from 0.8 

to 1.6 at Reynolds number range from 3 X 10^ to 9 x 10^, respectively, 
based on maximum body diameter, and over a range of mass -flow ratios 
from 0.3 to 1.1. The inlet, installed so that it caused no increase in 
the frontal area of the configuration, had an area equal to 8 percent 
of the body frontal area. Test resiilts show that, at maximum mass -flow 
ratio, the installation of the inlet caused only small differences in 
drag as compared with the drag of the body alone. The drag increase 
due to spillage was equal to the theoretically calculated scoop incre- 
mental drag at supersonic speeds. 

The inlet total -pressure recovery decreased from a value of 1.0 at 
subsonic speeds to a minimum value of 0.95 s-'t ^ Mach number of 1.6, the 
latter value being about 6 percent higher than free -stream normal-shock 
recovery. Up to a Mach number of 1.4, the inlet total -pressure recovery 
was approximately constant at all mass -flow ratios, whereas, at a Mach 
nijmber of 1.6, it decreased slightly with increasing flow rates. 


INTRODUCTION 


The total -pressure recovery of an air inlet and the effect of its 
installation on the drag of the configuration are two important consid- 
erations involved in the selection of particiilar inlet configuration. 

A scoop-inlet configuration, designed with these considerations in mind, 
has been flight-tested by the Pilotless Aircraft Research Division of the 
Langley Aeronautical Laboratory. The configuration tested was obtained 
by locating a circular scoop well forward on a parabolic body of revolu- 
tion. The forward location was used for two reasons: (l) it allowed 
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installation of the inlet without increasing the maximiJin frontal area so 
as to mi nimi ze the effect of the inlet installation on drag and (2) high 
recoveries would be expected because of the supersonic compression 
obtained through the attached oblique shock at the tip of the body at 
supersonic speeds . The circiolar cross section was selected as an inlet 
shape that was structurally strong around which the boundary layer could 
be passed easily^ particiolarly when the inlet is mounted on a circiilar 


Prior to flight-testing, extensive supplementary groxmd calibration 
tests of the model were made . As tested originally, the pointed nose of 
the body was drooped toward the inlet to reduce the amount of turning 
required of the air entering the inlet. The results of these tests 
employing the drooped nose, presented in reference 1, showed that the 
high recoveries attained at 0° and 7° angle of attack, both at the inlet 
and after diffiasion, were decreased appreciably at -7° angle of attack. 
Therefore, the nose of the flight model was made axially symmetric. 

The flight test was conducted with a rocket -propelled model in free 
flight at an angle of attack of 0°. The resilLts of this test are pre- 
sented herein in the form of external drag coefficients and total -pres sure 
recoveries for a range of mass flow-ratios from Mach numbers of 0.8 

to 1.6 and Reynolds n\jmbers from 5 X 10^ to 10 x 10^, respectively. The 
drag of the parabolic body to which the scoop was added is also included 
for comparison. 


fuselage . 


SYMBOLS 


Af 


A 


area, sq in. 

frontal axea (0.5^5 sq ft) 



total drag, lb 



% 

total drag coefficient, 



Cn internal drag coefficient, 

^int. 



1 Tr 2 . 

^ 0^0 % 
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H/Hc 


L 

M 

m 


m/Dio 


scoop incremental drag coefficient, 
base drag of nonducted body. 


m 


(^i ~ ^o) “^(^i " Pq) 

2 

|PoVq Af 


(pb - Pq)Ab 


totaJ. -pressure recovery (weighted on mass flow) at inlet- 
mlnlmijm-area station 

total model length, ft 

Mach number 

mass flow through the duct, slugs/sec 

ratio of mass flowing throiagh duct to mass flow through 
a free -stream tube of area equal to inlet area at 
leading edge of lip ( 6.29 sq in.) 


p static pressiure, psia 

R Reynolds number, based on maximum body diameter of 10 inches 

V velocity, ft/sec 

X axial distance from nose of model, ft 

p density, slug/ft3 

Subscripts : 

0 free stream 

1 inlet 

e exit 

b base of nonducted model 
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MODELS, INSTRUMENTATION, AND TESTS 
Models 


Photographs and sketches of the models are presented in figures 1 
and 2, respectively. The scoop inlet model, similar to that of refer- 
ence 1, was formed by adding the circular \mderslung scoop to the basic 
body. The body profile is formed by two parabolic arcs, each having its 
vertex at the maxim-urn diameter. The body contours are given in table I. 
Both models were stabilized by four 60^ hadf -delta fins having an NACA 
65AOO4 airfoil sections and a total exposed area of 5*7 square feet; the 
configuration is the same as that used on the models of reference 2. 

The bodies of both models were made of wood. The inlet and ducting of 
the scoop model were made of aluminum. 

Inlet and diffuser detail are shown in figure 5. The inlet area at 
the leading edge of the lips was 8 percent of the maximum body frontal 
area. J"ust downstream of the inlet, the duct was contracted to an area 
92 percent of the inlet area. This inlet minimum area was maintained for 
about 1.5 inches. Two rotating shutters driven by an electric motor were 
installed to vary the rate of air flow d-uring the flight. The rate of 
air flow was varied at a frequency of about 1 cycle per second. Analysis 
of the dynamic response characteristics of the instrumentation showed 
that this frequency introduced negligible errors in the measurements. 


Instrumentation 

The basic body model was equipped with a fo-ur- channel telemeter. 

Two longitudinal accelerometers were used: one with a wide range to meas- 
ure total drag at supersonic speeds and one with a smaller range to 
obtain more accurate subsonic and transonic total drag data. Pitot stag- 
nation pressure was meas"ured with a tube installed in the tip of the nose 
of the model. The base pressure was measured by a tube located in the 
base cavity near the model center line about 10. 5 inches forward of the 
rearward end of the model (fig. 2). 

The scoop-inlet model had an eight-channel telemeter. Again, two 
accelerometers were used to measirre total drag, and a pitot stagnation 
pressure tube was installed in the nose of the model. Three total- 
pressure tubes were installed along a vertical diameter at the end of 
inlet-minimum-area section. The tubes were located about O.O6, 0.21, 
and 0.97 diameters down from the inner duct wall. Two static pressure 
orifices, in the same plane as the total -pres sure tubes but angularly 
displaced about 20^ from the vertical diameter, were manifolded to obtain 
the static pressure. Duct exit static pressure was obtained with four 
inner wall orifices equally spaced circumferentially 1 inch upstream from 
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the end of the model and maxiifolded together. All pressure and accel- 
erometer data (for both models) were transmitted to ground receiving 
stations where continuoiis time histories were recorded on film. 


Tests 

The flight-test procedure was the same for both models . The model 
was launched at an elevation angle of 60 ^ and accelerated to maximum 
speed by a single Deacon rocket motor. After burnout of the rocket 
motor, drag separation of the booster from the model occurred. All data 
were obtained in the ensuing period of coasting flight, during which the 
model decelerated to subsonic speeds along a nearly zero-lift trajectory. 

Velocity was determined from CW Doppler radar measurements corrected 
for winds aloft and flight-path ciorvature. Ambient air conditions were 
determined from radiosonde observations. The model flight path was com- 
puted from measurements made by an NACA modified SCR 584 tracking radar. 
The Reynolds mmiber of the tests, based on the 10-inch maximum body 
diameter, is shown in figure 4 as a function of Mach number. The angle 
of attack was approximately zero. All tests were conducted at the Langley 
Pilotless Aircraft Research Station at Wallops Island, Va. 


METHOD OF ANALYSIS 


The external drag is defined herein as the sum of the dragwise com- 
ponents of the aerodynamic pressure and viscous forces acting on the 
external surfaces of the model plus the scoop incremental drag, as defined 
in reference 3* Scoop incremental drag is the algebraic sum of the pres- 
sure drag on the entering stream tube and the pressure and viscous drag 
on that portion of the body wetted by the entering flow. The external 
drag was determined by subtracting the internal drag from the total drag 
of the model. Details of the methods of determining these quantities 
are presented and disciissed in reference 2. Because the annular base 
area at rear of the ducted model is so small, the base drag was assumed 
to be negligible. 

Mass -flow ratio and total -pres sure recovery (weighted on mass flow) 
were computed by numerical integration from pressure measurements made 
at the inlet -mlnimijm -area station. Because the data of reference 1 showed 
the total -pressure distribution at this station to be nearly uniform at 
all flow rates at M = 1.42, it is felt that the three total -pres sure 
tubes used in the flight model adequately defined the total pressure at 
the inlet-minimum-area station. The validity of this assumption is indi- 
cated by the comparison of the measured and theoretically calculated 
values of maximum mass -flow ratio presented in figure 5 as a function of 
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Mach number. The theoretical values were calculated from one -dimensional 
theory by assxaming that, at the inlet -minimum-area station, the Mach num- 
ber was 1.0 and the only loss in total pressure resulted from shocks 
located at the tip of the nose and ahead of the inlet. 

Becaiise of the relatively high rate of rotation of the shutters, the 
measured data contained transient terms at intermediate flow rates as a 
result of the time rate of change of velocity within the duct. (At maxi- 
mum and minimijm flow rates, the time rate of change of velocity was zero 
and there were no transient terms.) The maximim values of these tran- 
sient terms were- in all cases less than the estimated accuracy of the 
data presented below. The data were corrected for these transient terms 
by the method discussed in reference 2. The data presented herein are 
representative of steady-state values at all flow rates. The maximum 
inaccuracies in the data are estimated to be within the following limits: 


H/Hq ±0.01 

mjmQ for m/mo ^0.7 ±0.02 

m/nio for m/nio = 0.4 ±0.05 

On at M = 1.4 ±0.01 

^x 

at M = 0.9 ±0.02 

M ±0.01 


RESULTS AND DISCIBSION 


The total and base drag coefficients for the basic body are pre- 
sented in figure 6 as a function of Mach number. The variation of 
external drag coefficients of the scoop inlet model with Mach number for 
several flow rates is presented in figure 7* The subsonic drag coeffi- 
cient of the scoop inlet model was found to be constant at constant flow 
rates. At M > I. 05 , the drag coefficient decreased somewhat with 
increasing Mach number. 

In figure 8, the total -minus -base drag coefficient of the basic body 
is compared with the external drag of the scoop inlet model at maximimi 
flow rate (shown in fig. 5)- The installation of this inlet resulted in 
only small differences in drag throughout the Mach number range. The 
data of reference 4, presented for tests up to M = 1.1 of a forward- 
located underslung scoop having a larger inlet of different geometry, 
showed no drag increment due to the installation of the inlet. These 
data indicate that, with proper design, the forward location of a scoop 
can be utilized with small drag penalities at maximum flow rates. 
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A siiggested method of applying the "transonic area riile" concept of 
reference 5 to an inlet configuration proposes the equivalent area dis- 
tribution of the inlet configuration be determined by subtracting the 
maximum entering free-stream tube at M = 1.0 from the geometric cross- 
sectional area distribution of the configuration back of the inlet. A 
comparison of the area distribution of the scoop-inlet model determined 
in this manner with the cross-sectional area distribution of the basic 
body is shown in figure 9 (exclusive of fins, which were identical for 
both models). The equivalent area distribution of the inlet model dif- 
fers only slightly from the basic body area distribution. Since the 
transonic drag rise of the two models differed only slightly (fig. 8), 
the equivalent area distribution presented for the inlet configuration 
appears reasonable. 

The external drag coefficient increased with decreasing mass-flow 

ratio as shown in figure 10 for several Mach nmbers. Also shown are 

curves of the external drag coefficient minus the scoop incremental drag 

coefficient (ref. 5) the three supersonic Mach numbers. These curves 

of Cp - Cp represent the sum of the pressure and viscous drag forces 
X s 

acting on all the external surfaces of the model, including the surface 
wetted by the entering flow, and are essentially independent of mass- 
flow ratio. Thus, it appears that, if any lip suction forces were 
obtained at reduced flow rates, they were ceinceled by the increase in 
press\ire drag on the body, most probably on the s\irface wetted by the 
entering flow. 

Figirre 11 presents total -pres sure recovery at the inlet minimum area 
station as a function of Mach number for several flow rates. At M < 1.1, 

the total -pres sure recovery was nearly 1.0 for a ^ = 0.8. As Mach nm- 

lOo 

ber increased above 1.1, the total -pressure recovery decreased gradually 
but always exceeded free-stream normal-shock recovery. For example, at 
M = 1.6, the minimum recovery was 0.95 j about 6 percent greater than 
free-stream normal-shock recovery. The high inlet recovery is due to 
the external supersonic compression furnished by the shock at the tip of 
the nose. Estimated inlet total -pressure recovery, calculated by assuming 
an oblique shock at the nose of the model and a normal shock ahead of the 
inlet, agreed with measured values within the accuracy of the data. 

Up to a Mach nimiber of l.i^■, the inlet total -pressure recovery was 
nearly independent of mass-flow ratio for the flow rates tested. (See 
fig. 12.) At a Mach number of 1.6, the inlet total -pres sure recovery 
decreased slightly with increasing mass-flow ratio. The inlet total- 
pressure recovery of the present tests agreed, within the accuracy of 
the data, with that presented in reference 1. (The data from ref. 1 are 
presented for a = 7°^ because the nose of the body was drooped about 7° 
from the horizontal . ) Reference 1 also presents data on the subsonic 
diffuser characteristics of this configioration. 
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CONCLUSIONS 


A flight test has been conducted on a circular scoop inlet located 
well forward on a parabolic body of revolution. The inlet, installed 
so that it did not increase the frontal area of the configuration, had 
an area that was 8 percent of the body frontal area. The results of the 
test, presented for a range of Mach numbers from 0.8 to 1.6 and a range 
of mass-flow ratios from O .5 to 1.1, indicate the following conclusions: 

1. At all Mach nijmbers tested and for maximum mass -flow ratio, the 
installation of the inlet resulted in only small differences in drag 

as compared with the drag of the body alone . 

2. The stim of pressiore- and viscous -drag forces on the external 
surfaces of the inlet model were nearly independent of mass -flow ratio 
at any particular supersonic Mach number. 

5* The total -pres sure recovery measuired at the inlet had a minimum 
value of 0.95 at M = 1.6, approximately 6 percent greater than free- 
stream normal-shock recovery. The total -pressiore recovery increased as 
Mach mmiber decreased and reached a maximum recovery of 1.0 at subsonic 
speeds . 


4. Up to a Mach number of 1.4, the inlet total -pressure recovery 
was nearly independent of mass -flow ratio, whereas, at M = 1.6, it 
decreased slightly as mass-flow ratio increased. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Lajigley Field, Va., February 9, 1954. 
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TABLE I.- COORDINATES FOR PARABOLIC BODY 


Station, in. 

Radius , in . 

0 

A. 00 
8.00 
12.00 
16.00 
20.00 

24.00 

28.00 
32.00 

56.00 

40.00 

44.00 

48.00 

52.00 

56.00 

60.00 

64.00 

68.00 

72.00 

76.00 

80.00 
83.50 

85.00 

0 

1.06 
2.00 
2.80 
5.48 

4.06 
4.47 
4.76 
4.95 

5.00 

4.99 

4.93 

4.85 

4.74 
4.59 

4.42 

4.21 

5.97 

5.70 

5.41 

5.07 

2.75 
2.75 
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(a) Basic parabolic-Body model. 
Figure 1.- Photographs of the models. 
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(t) Scoop- inlet model on launcher. 


Figure 1.- Concluded. 
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Figure 2.- General arrangement of the models. (All dimensions are in inches.) 
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Figure 5 .- Details of the inlet. (All dimensions are in inches.) 
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Figure 4.- Variation of Reynolds number based on body diameter with 

Mach number. 
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Figure 5»- Comparison of theoretical and meas\ired values of maximum 

mass-flow ratio. 
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Figure 6.- Total and base drag coefficients as a function of Mach niJiriber 

for the parabolic-body model. 
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Figure 7*- Variation of external-drag coefficient of the scoop-inlet 
model with Mach number for several mass-flow ratios. 
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Figure 8.- Comparison of the external-drag coefficient of the scoop- 
inlet model at maximum mass-flow ratio with the total-minus-hase 
drag coefficient of the parabolic body. 
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Figure 9 .- The comparison of the longitudinal cross-sectional-area 
distribution of the basic-body model and the effective area 
distribution of the scoop-inlet model. (Fins have been omitted.) 
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Figure 10,- Variation of external-drag coefficient vith mass-flow ratio 

at several Mach numbers. 
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Figure 11.- Total-pressure recovery at the inlet-miriirriuiri-area station 
as a function of Mach number for several mass-flow ratios. 
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Figure 12.- Total-pressure recovery at the inlet-minlraum-area station 
as a function of mass-flovr ratio for several Mach numbers . 
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